The subject of this discussion raises among others the following problems for the ophthalmologist: (a) The problem of dazzle When driving at night every motorist experiences difficulty from the dazzle of approaching headlights, especially if undimmed. Glare of this sort may be followed by a dangerous interval of defective dark adaptation before the eyes adequately recover vision. What is the best way to avoid this hiatus in visibility? Experienced night drivers will be found to adopt one of the following techniques:
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The subject of this discussion raises among others the following problems for the ophthalmologist: (a) The problem of dazzle When driving at night every motorist experiences difficulty from the dazzle of approaching headlights, especially if undimmed. Glare of this sort may be followed by a dangerous interval of defective dark adaptation before the eyes adequately recover vision. What is the best way to avoid this hiatus in visibility? Experienced night drivers will be found to adopt one of the following techniques:
(1) The commonest method is deliberately to keep from looking at the advancing headlights directly. The gaze is kept all the time on the near side of the road. This method is successful if the driver keeps his mind rigidly on his task.
(2) A second common method is to shut the left eye, opening it again after the glare has passed. It is an interesting fact that one eye may be dazzled independently without affecting the other. The efficacy of this method depends on how speedily the driver learns to suppress confusing after-images from the dazzled eye. Drivers say it takes a little time to learn the trick of suppression. They use this procedure particularly when the approaching light appears suddenly, as when the approaching car is coming unexpectedly round a bend in the road.
(3) An elaboration of the same technique is to keep the left eye open but to shade it.
A commercial traveller attended a fancy dress party at which he wore a large and impressive false nose. On leaving the party he inadvertently still wore the nose, which he soon discovered was very useful for night driving. By a tilt of the head he could make the shadow of the false nose cover his left eye so that it was shielded from advancing headlights. Wearing a comic nose has its disadvantages if a driver is stopped at night by the police. He therefore later elaborated the idea by making a central vertical septum of blackened metal which he attached to the front of his distance glasses.
(4) Dark glasses can help against dazzle, but at the expense of lowering general visibility. This also applies to the gold-spattered anti-glare glasses formerly popular.
(5) Polarization.-It would be possible to eliminate dazzle to a large extent by polarizing light from headlights in one plane, while drivers wore glasses which polarized in a plane at right angles. The main trouble would be expense which at present rates would add about 33 % to the cost of a headlamp. Another disadvantage is that the use of polarizing media in front of headlamps would greatly diminish the intensity of the light transmitted. To give adequate illumination of the road a much higher candle-power lamp would be necessary than that possessed by ordinary cars at the present time. This would increase the cost of motoring.
Perhaps this is the place to mention some other polarization phenomena. During the manufacture of laminated glass windscreens the layers of windscreen are made to undergo pressure. Inequalities of pressure may cause areas of windscreen subsequently to polarize transmitted light. Reflected light from a wet road is also partially polarized. Hence when travelling over a wet road at night with a dry windscreen it is often possible to note linear patterns on the windscreen where the polarization is contrary to the reflected road light. These lines are altered if moisture runs down the windscreen, because such moving fluid itself has a polarizing action. These phenomena materially affect visibility in driving.
The effect of dirt and dust on the windscreen and windows is worth study. Dust may produce diffraction effects such as small coloured haloes. Raindrops on windows or windscreen frequently produce distortion of the outside scene.
(6) The deliberate use of dazzle.-Most motorists have experienced unpleasant dazzle when the headlight of a car behind strikes the back window. The driving mirror is out of action at once. A rear window blind is often fitted to cars for this reason, or alternatively a curved rear window glass which prevents the parallel rays of the following headlight from annoying by bringing them to an approximate focus. These devices prove only partially effective.
Police flying squads find dazzle from behind an effective weapon against car bandits. As they follow a fugitive car zig-zagging at top speed through side streets at night, the police try to follow close behind and concentrate their headlights upon the bandit car. They sound their gong, and the average car bandit in his excitement accelerates wildly. His faulty cornering and defective vision in the dazzle will cause him to crash unless he has displayed the foresight to steal a car with an efficient rear blind.
(b) The Problems of Reflectors
Properly adjusted reflectors on the backs of cars are a great help in making night driving safe. The ordinary reflectors depend on internally reflecting prisms and their "cubecorner-facets" reflect light efficiently if properly mounted. The regulations prescribe that such reflectors must be set at right angles to the baseline of the car both vertically and horizontally. These regulations are more honoured in the breach than the observance. Most car backs these days are curved posteriorly. If the reflectors are just screwed on flush with the posterior surface of the car, they are ineffective. Light from a following car is not reflected back to the driver of that car, but outwards and upwards. It is thus rendered useless.
Cat's eyes down the middle of the road are a great help to the night driver. Some roads have red reflectors down the near side and these have definitely proved their value. If these reflectors have colourless reflectors on their reverse side there is the advantage of a line of colourless reflections on the offside of the road too. This arrangement is being adopted by many authorities.
There is a good deal to be said for making cars carry colourless reflectors on their sides. This might be a help when cars reversed out of their front drives, or occasionally at cross roads.
The Times recently described a strip material known as "Scotchlight" which could be employed as a reflecting armband for pedestrians, or made into small portable reflecting danger-signs which could be stood in the road behind a car when the motorist was changing a tyre.
The hypermetropic eyes of animals, especially where the tapeta lucida are well developed, make excellent light reflectors at night, so that it is often possible to spot in this way a cat or dog in the road. The reflections from animal eyes can be seen from a much wider angle than the standard prismatic reflectors. A fortune awaits some manufacturer who will imitate animal eyes in the form of a glass lens inside a suitably curved reflecting base.
Such ocelli could be in the form of buttons. One or two such button-ocelli sewn on the back of the overcoats worn by pedestrians would give a high degree of protection to the wearers.
It is quite remarkable what a high degree of protection is given even by such a simple object as a white scarf, which will greatly increase the visibility of its owner to the nightdriving motorist.
Sometimes reflections from headlights may be of disadvantage to a motorist. If for instance there is mist or fog, the white light from the headlamp is reflected in diffuse fashion by the tiny fog particles. It is alleged that yellow headlights are not so liable to disperse reflection by the particles, and hence are better than white light.
In a foggy atmosphere there is commonly a clear layer of air below the fog on the surface of the ground. It is therefore advantageous for the foglight of a car to be down near the road surface, and also for the beam to diverge widely so as to illuminate the pavement edges before the car hits them.
(c) Dark Adaptation and Night Driving
Night driving brings up the following problems in which dark adaptation plays an important part:
(i) Motorists hate that uncomfortable period of twilight before lighting-up time. Shadows are falling, colour values are fading in accordance with the Purkinje phenomenon, and eyes have to peer to see an unilluminated cyclist Qr a pedestrian. There is still erough light from the Western sky to make headlights of minimal value.
It is at this stage that side and rear lights make such a difference. They act as indicators of the presence of vehicles, and also the careful driver can draw useful inferences. If, for example, the rear lights of the car in front swing out towards the crown of the road, the driver may well be overtaking a cyclist without lights, so precautions are taken accordingly.
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Section of Ophthalmology 175 The careful driver gives an oncoming car a little more clearance than its sidelights would suggest, because older makes of car often project laterally beyond the sidelight. Sidelights. are meant as position indicators rather than as illumination to help the driver on his route. There would be a great deal to be said for making lighting-up times half an hour earlier.
Once headlights come into play other useful inferences may be made. If an approaching car suddenly accelerates the headlights lift suddenly because the weight of the car is flung on to its back wheels. If an approaching car seems to have its headlights constantly tilted upwards either the beams have not been properly adjusted to parallelism with the plane of the road, or alternatively the tyre pressures are down a bit and there is a heavy load on the back seat. If such a car brakes the beams will drop slightly.
(ii) A driver at a party may leave a brightly illuminated room and find himself very badly adapted to the surrounding darkness outside when the time comes to drive away. One has seen such a driver reverse his car in a car park straight into a car which seemed easily visible to a dark-adapted onlooker. A short time sitting in his car before starting would have allowed his eyes to become dark-adapted sufficiently to avoid the mishap.
(iii) A similar difficulty is often experienced when street lighting suddenly changes in intensity. Brightly illuminated streets are good in themselves, but they carry the penalty that a driver may suddenly run from a well-lit area into an island of comparative darkness.
There is one such area just after passing the Houses of Parliament before reaching Millbank, where the bright lights are suddenly followed by inky blackness.
(iv) If one is unfortunate enough to get badly dazzled by a headlight, this problem of dark adaptation may become acute. It may even be necessary to give a slowing-down signal, run to the near side of the road, and stop.
(v) The driver with retinitis pigmentosa or similar pathological cause of night blindness does not seem a serious source of difficulty. Such a person usually finds it so difficult to drive at night that he is unlikely to be foolish enough to do so.
(d) Problems of Street Lighting
This is a fascinating subject for the illuminating engineer, who has to consider not only the intensity of illumination he desires but its cost. Monochromatic light from sodium or mercury vapour lamps is often chosen for its cheapness and efficiency in running. Such light is very irritating to many drivers owing to the gross distortion of the colour values of objects seen through its agency. Curiously enough other drivers allege that monochromatic light of this sort has a hypnotic effect. If they drive along a straight road illuminated by sodium vapour lamps they find themselves dropping off to sleep, conducive factors being the sense of unreality produced by the altered colour values, and the monotony of a long straight road stretching indefinitely ahead. Avoidance of this monotony can be achieved by planning the roads in gentle curves -as found on many of the Continental Autobahnen.
Illuminating engineers aim to guide drivers by one of two methods. They aim for objects on roads to be seen by drivers either as darker silhouettes against a light background, or less usually as a light outline against the background of a dark road surface. The nature of the road surface thus affects visibility (Harris and Christie, 1951; Christie, 1954) . Away from well-illuminated roads, the beam of a headlight will give reasonable illumination where it impinges. Trouble arises from objects off the direct light of the beam, which may be visible only momentarily. The police lay very great stress in their handbooks on the degree of concentration and attention required for night driving. Harris and Christie (1954) have worked out that allowing for the number of vehicles on the road the chance of fatal accidents increases on average 1 88 times at night. They consider the reasons for this increased risk very largely visual.
(e) Visual Requirements for a Driving Licence
There is widespread doubt whether the simple recognition of the figures of a number plate at 25 yards as demanded for a driving licence is really adequate. A person may quite innocently state in his application for a driving licence that he can see such a number plate, and never realise that he has a constricted field from chronic glaucoma, or is night blind from retinitis pigmentosa. Ideally a motorist should have good visual acuity, a full peripheral field, good colour vision, good vision at night, and minimal heterophoria. Yet we all know drivers who have driven for years without accident with vision defective in one or other of these characters. It is difficult to steer a middle course between a "fuss pot" mentality and lazy laissez faire. The number of road casualties indeed has risen to horrifying proportions, but if every applicant for renewal of a driving licence required a visual test, who would undertake the enormous number of such tests necessary? There are certainly not enough ophthalmic surgeons or opticians.
My own solution would be the compromise one of including a better and more compre- The visual problems of night driving arise entirely from the peculiar and often abruptly changing luminous field of view, which determines both the momentary visual capacities of the driver and the apparent content-and, hence, the intelligibility of the continuously changing scene.
Both absolutely and relatively, the luminance values in the night field of view differ much from those of the day field. From those parts of the field having sub-liminal brightness no useful information can be received: it is as if there were blind areas in the somatic visual field. In other parts, small patches of brightness are substituted for-and must be interpreted as representing-what, in daylight, are much larger areas of different brightness, colour and contour. In yet other parts, new brightnesses are added, some aiding and some hindering the rapid development of perceptions which we hope will be valid for the journey moment by moment.
The distribution of brightness in the night scene may not be merely such that the way ahead is so difficult to discern that the driver is compelled to proceed slowly and warily. It may be actually misleading so that, although confident he has solved the visual problem of the vista, on closer approach the solution is found to be incorrect and an emergency operation is required to avoid calamity.
Inclement weather generally increases the visual stress in driving both by day and night, but its adverse effect is always greatest at night. Then, it still further impoverishes a field of view already emptied by darkness of many features which ordinarily give rise to helpful visual impressions, including those parafoveal streams on which judgments of speed and distance largely depend. But, unlike darkness itself, it does not simply fail to reveal but intrudes new and disrupting features into the field and distorts the appearance of others. Rain is the most usual though not, of course, the worst of inclement weather for night driving. It gives a streaky appearance to lighted road surfaces, and against such a background objects in the dark areas are difficult to see. From the driver's viewpoint the situation is still worse, because his rain-spotted or streaming screen is superimposed on the external scene, so that parts of this, particularly the lateral and foreground parts, are made more indistinct. One of the major problems confronting the street lighting and highway engineers is to devise a system of lighting and a road surface that, while meeting other important requirements, will yield a satisfactory road appearance in wet as well as in dry weather.
Driving a motored vehicle at any time calls for ceaseless vigilance. Yet, except for road transport drivers on night shift, driving at night is usually done by people who are already fatigued by their daytime activities. Fatigue is insidious in onset and momentary failures of attention, as well as misperceptions, are among its earliest manifestations. They occur before there is any awareness of fatigue, yet, at night, unflagging attention and perceptual agility are especially necessary in view of the relatively unfavourable presentation of the changing scene.
Unlike Argus who could see all with his hundred eyes, we have only two and their gaze has to be directed to and almost continuously kept within a portion of the scene ahead which has small angular dimensions. Except on traffic congested roads, attention has to be given to the road some hundreds of feet ahead of the vehicle, this sighting distance being varied, of course, according to the speed of driving. A common sighting distance at moderate speeds in built-up areas is one of about 300 feet and, at this distance, the whole width of the road, most of the objects of interest to the driver and most of the visible light sources occupy quite a small portion of the total visual field (Fig. 1) . It may be easy to visualize how small this driver's fixation field is if I say that it can be covered by a couple of postage stamps viewed at the conventional reading distance of 33 cm.: its angular subtense is about 8 by 5 degrees. Two points should be noted: (a) there is less tendency by night than by day to relieve the ocular muscles of static fatigue by occasional quick glances beyond the lateral rIG. 1.-l IneU n ia OI aLLenion, or Uxauon neii, wniUn unvmg is usuaLy qjUii, imai. iLs GEgu5LAu subtense at the eye does not exceed about 8 x 5 degrees.
boundaries of this field-partly because it is more dangerous to do so, since the amount of information gained about what lies ahead is usually less than in daylight and is insufficient to give confidence that the fixity of the gaze may be relaxed even momentarily: (b) most of the street lamps-which are thousands of times brighter than any of the objects it is necessary to see-are crowded into this small field and so are imaged near the fovea where their glare effect is greatest. So far as the feeling of strain engendered by night-driving is referred to the region of the eyes it is almost certainly due to prolonged restriction of eye movements, in short, to staring-and partly due to restriction of blinking which always occurs during criticalyvisual tasks. The more difficult the situation, e.g. when there is fog, the more sustained is the staring and the more acute the sense of strain. Seeing while driving is obviously a paced task, like looking for faulty pieces among a stream of manufactured articles passing on a belt conveyor before an inspector. If the pace is too rapid and there are too many things in the display that should be observed before they pass out of sight, the perceptual load is too great, speed stress develops, and some of the objocts which ought to be seen are inevitably overlooked. In the factory situation such oversights may not have disastrous consequences but they often have on the roads: accident rates are always higher in hours of natural darkness than in daylight hours, even on roads having good modem artificial lighting.
The artificial lighting of traffic routes is based on two principles. The first is to make the road surface, as seen in perspective by vehicle drivers, sufficiently bright for objects on the road ahead to be seen in silhouette, and the second is to do this without putting so much light from the street lamps into the eyes of drivers as to cause distraction, discomfort or any visual disability. To achieve a reasonably uniform and sufficiently high road brightness the lanterns must give an appropriate light output which they are designed to distribute in a particular way, such that the maximum beam intensity is at a fairly high angle from the downward vertical. The lanterns must also be mounted fairly high-25 feet is now general practice-and they must be appropriately spaced, usually from 100 to 150 feet apart. From the driver's point of view each lantern produces on a dry road surface a patch of relatively high brightness of T-shape, the patches from successive lanterns merging together so that the whole road ahead is fairly evenly brightened. Under these conditions, the visual problems of night driving are not very troublesome on uncongested roads, but this scheme of things is upset when the road is wet.
There are different types of lighting in use on traffic routes. For example, the lanterns are sometimes centrally suspended but more frequently they are staggered on either side.
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If they are of what is called the cut-off type they need to be more closely spaced to obtain sufficient uniformity of road brightness but they have the advantage of giving less glare.
As to the kind of illuminant, six kinds are now in use-gas, incandescent tungsten, mercury discharge, colour-corrected mercury, sodium and fluorescent. It is impossible to compare these fairly on the road since they are used in installations which differ in other respects. But there is some evidence, that, given comparable installations, the monochromatic sodium light has some advantage as a driving light, and fluorescent light is also good.
If street lamps are so widely spaced-as they are in side roads-that there are extensive dark areas in the road, the detection of pedestrians and other unlighted objects which are in very poor contrast with such backgrounds requires the most intent looking and may be quite impossible. In side roads generally, and especially if one is unfamiliar with them,. driving with car side-lamps alone not only makes the visual task of the driver often extremely difficult and trying, but can also be dangerous. Car side-lamps are intended to indicate the presence of the vehicle to other road users and not to provide a driving light. Unfortunately, pedestrians do not always realize that they can see a car by its side-lamps before the driver can see them.
Nothing is gained by using headlamps on stretches of main roads provided with the most up-to-date street lighting but, just because these stretches are so well lighted, in passing out of them to unlighted or dimly lighted roads dark-adaptation cannot occur quickly enough to ensure safe vision until an appreciable distance has been travelled. One way of overcoming the difficulty would be to scale down the street lighting gradually instead of changing or stopping it abruptly, but this is not likely to be done very generally. As things. are now, dipped headlamps need to be switched on before leaving a well-lighted road On unlighted roads when vehicles provide their own flarepath, objects on the road ahead are revealed by being made brighter than the surface which forms their background-the silhouette effect is reversed.
The headlights of oncoming vehicles make the road surface ahead of them appear brighter to an approaching driver than the surface illuminated by his own lamps and so objects in this part of the road are seen as they are in lighted streets. The lights of oncoming vehicles are sometimes very helpful in this way to a driver travelling in the opposite direction, as they may also be in revealing bends in the road. But the bugbear of night driving on unlighted roads is the frequent momentary exposure to the glare of undipped approaching FIG. 2.-On this wet road the zebra crossing is almost invisible althougn it is nOoaugnteu, but the flashing beacons indicate its presence. 'headlamps and, unfortunately, to the more prolonged glare from maladjusted lamps even when they are dipped. To resist the phototropic effect of these bright light sources requires -an effort of which we are often very conscious. At best, driving on unlighted roads nowadays involves frequent dipping of lights and consequent sudden shortening of seeing distances. Speed ought to be and often has to be reduced when these abrupt changes in visibility occur, but there are numerous occasions when during deceleration a considerable distance is travelled almost blindly. For a short period progression is more of an act of -faith than a visually guided one, and this is also sometimes true when passing vehicles moving in the opposite direction on fairly narrow roads. A new problem of glare seems to be developing, due to the practice of equipping new cars with bigger and brighter stop and tail lamps. Stop lamps have to be bright enough to be unmistakably visible in daylight and this means that they may be unnecessarily and glaringly bright on dark roads by night. Something may have to be done in the future to make the brightness of such lamps adjustable for day and night driving.
Driving on empty unlighted roads provides most of the visual conditions favourable for the onset of the hypnotic state: an almost empty and monotonous visual field save for the relatively bright ribbon of road ahead to which the gaze is glued. There is something to be said then for having other vehicles on the road: their lights contribute to the visual stress of night driving but, at least, they help to keep the driver awake!
The visual problems of night driving have been added to in recent years by such innovations as roundabouts and zebra crossings. Signs giving advance warning of roundabouts are not always easy to see, nor are some other road signs. Roundabouts which are unlighted and not otherwise noticeably marked-as by a black and white curb or fence may not be seen in time to be negotiated when driving a car fairly fast on a gently curving or undulating road which is traffic free and apparently safe for fast travel. Accidents have shown the need for making roundabouts clearly visible and many are now suitably lighted or marked. Zebra crossings would often be difficult or impossible to see at night but for their beacons. As seen by the approaching driver, their distinctive white stripes are much foreshortened and the contrast between the white and black stripes may be insufficient to make the crossing conspicuous. When the road is wet, the contrast between the stripes may vanish completely-even if the crossing is floodlighted. Hence the beacons are very necessary indicators of the presence of a crossing (Fig. 2) . Since, if steady, their lights could be overlooked, or their significance not realized-especially in localities where there are numerous other lights in the parafoveal field of view-it was a wise decision to make them conspicuous by flashing.
Mr. G. Grime (Road Research Laboratory, Department of Scientific and Industrial
Research, Harmondsworth, Middlesex):
Road Illumination by Headlamps or Street Lamps Consideration will be confined in this paper to problems of seeing with headlights and in street lighting. The Importance of Improving Seeing at Night An analysis of the figures for adult pedestrian casualties at night was made by Smeed (1953) , in which he considered the changes in casualties which occurred when summertime was introduced and removed. In the hours that change from light to dark he found that casualties were approximately doubled, while in those that change from dark to light, casualties were halved. There is therefore scope for very considerable accident reduction by means of improved lighting. re-lighting to modern standards. Tanner and Christie (1955) found that after re-lighting eight London streets to the upper limit of Group A lighting, there was an average reduction of 35 % in personal-injury accidents. Unfortunately, similar figures are not available for improvements in vehicle lighting. The Physics of the Road Illumination Problem For case in driving at night, the lighting system, whether provided by street lighting or by headlamps, must do two things: (1) enable objects on the road to be detected in good time, and (2) enable the driver to position his vehicle accurately in relation to the kerb and to other vehicles. The importance of the second requirement has not always been sufficiently realized when designing either vehicle or street lighting systems.
In satisfying these requirements, the lighting engineer is subject, for economic reasons, to a severe limitation in the amount of light which he has at his disposal. Brightness levels are therefore always extremely low compared with daylight; colour sensitivity is largely lost and so is the ability to resolve small details. The visibility of objects then depends mainly on the existence of a brightness contrast between the object as a whole and its background. Silhouette vision occurs when the object is the darker, and reversed silhouette vision when the object is the brighter. In seeing with vehicle headlights, the reversed silhouette is the more important; the object is illuminated by the headlamps and appears bright against a background of dark road surface. Objects are also seen, but less reliably, as dark silhouettes against road illuminated by the oncoming vehicle's headlights. In street lighting, where the object of the lighting engineer is to make the road surface as bright as possible, the dark silhouette is by far the more important (Fig. 1) .
FiG. 1.-In lighted streets vision is mainly by silhouette. Occasionally the silhouette is reversed in the case of a pedestrian wearing light-coloured clothing.
Vehicle Lighting
In designing and using vehicle headlights the most difficult problem is to provide good seeing with minimum glare, when meeting another vehicle. The lamp designer's difficulties in attempting to solve this problem arise mainly from the smallness of the angular separation between the object, which needs the maximum illumination, and the oncoming driver's eye, at which, to avoid dazzle, illumination must be a minimum. Fig. 2 shows that, for a high visibility distance and a tolerable amount of glare at 400 feet, the intensity must drop rapidly between two points separated by only about 3 degrees. These remarks, of course, apply only to the "meeting beam" or dipped beam, used when another vehicle is approaching. The driving beam used on the open road presents no particular problem.
Lighting has to satisfy the two requirements of object detection and position keeping. Experimental techniques are now available for testing how well both requirements are met. The first gives a straightforward measurement of the distance at which a driver can recognize an object on the road in front of his vehicle when faced by another vehicle. Two test cars are equipped with similar headlamps, properly aimed, and with apparatus for measuring distance. They sttirt simultaneously from opposite ends of a test track, usually straight and level, along which objects of a dark colour are placed at intervals. The distances at which the driver sees the test objects are recorded by means of apparatus carried in the car. At the Road Research Laboratory a simplified form of this test has been used, in which one car remains stationary to provide the glare source, and the other carries the observer. Only one test object is used, placed near to the glare source but on the opposite side of the road. A further simplification was to employ beams of uniform intensity.
The results of many trials of this kind have been combined to produce the curves of Fig. 3 which enable the performance of a meeting beam to be determined when its light GLARE INTENSITY - candlepowr   FIG. 3. -The relation between seeing distance, beam intensity directed at an object, and glare intensity. output in different directions is known. Fig. 3 gives only a single figure for the minimum visibility distance in a particular meeting situation-but the calculations can readily be extended to cover other situations by making use of well-established physical laws relating the effects of glare to the angle between the glare source and the eye of the observer.
Tests of visibility distance alone are not sufficient to determine whether a meeting bear? is satisfactory. A narrow pencil beam, for instance, may give a high visibility distance and yet be extremely unpleasant to drive behind because it throws little or no light on the road near the car. A test has therefore been developed which gives an indication of general performance and of the comfort of driving with a particular beam. The usual way of carrying out tests of this kind is to use the lamp in the ordinary course of driving on the public roads. A serious objection to this as a method of test is that it is not fair to judge a lamp by its performance when meeting anything but a similar lamp, and that this is not possible on the road. The objection can be overcome by making the assessment on a test track in such a way as to approximate to road conditions. The experiments (Grime, 1954> were made on a straight track about half a mile long, having man-size obstacles in two rows, one on each side of the track, and a line of smaller obstacles in the middle. The obstacles were an important feature of the procedure, since they compelled the drivers to concentrate on the task of driving. It was intended in this way to remove some of the artificiality of the tests. two cars took part in the test, starting simultaneously from opposite ends of the track; each car carried the two sets of meeting beams to be compared-Eight runs were made u.ing alternately one beam or the other, and the drivers then completed a questionnaire recording their preference. Runs were also made with the road surface wet. In most of the experiments, all the driver had to do was to make a direct comparison, and this helped greatly to increase the consistency of the results.
The main conclusions of these and other researches were:
(1) When the lamps are new and properly aimed most modern meeting beams provide similar visibility distances. Only small improvements in visibility distance are likely to result from further design changes.
(2) On British roads, however, headlamps are rarely aimed correctly, and many havedeterioriated so that they emit no more than a feeble gleam of light. Many drivers are dazzled, and many are able to see only a very short distance. The aiming of lamps is so poor and the deterioration of lamps is so marked, that the most effective single step to increase visibility and reduce dazzle would be to bring up all headlamps to a similar state of efficiency and correct aim.
(3) Dazzle is determined not by the opposing glare intensity alone; it is decreased by the foreground illumination from the driver's own lamps. Thus, dazzle depends on one's. own lights as well as on those of the oncoming car, and the driver of a car with feeble lights. will be dazzled even by headlights in good condition and properly aimed.
(4) Broad beams, even of low intensity, are preferred to narrow ones, giving the driver greater confidence. The correctness of the design of the modern headlamp, in which a large proportion of light is spread widely over the road near the car, was confirmed.
An account of most of this work has been given by Harris (1954) .
Street Lighting
The lighting engineer's problem in street lighting is to provide a well-illuminated background, usually the road, against which objects are seen in silhouette.
Each single street-lighting lantern produces one patch of light on the road. The art of street lighting is to combine these patches into a pattern of light on the road which satisfies the two requirements of object detection and position keeping. It was formerly thought that these objects could only be achieved by making the carriageway uniformly bright; we are now beginning to change our minds about this, and to think that certain kinds of nonuniformity are permissible. For example, a pattern of horizontal bands of light might reveal pedestrians and vehicles perfectly adequately and would therefore be acceptable, although it might not enable small animals to be seen at a distance.
The diverse types of street lighting are more' fundamentally distinguished by differences in the distribution of light from the lanterns, than by more obvious differences such as colour of light and shape of unit. The two most dissimilar distributions are termed "cut-off' and "non-cut-off".
"Non-cut-of" lighting.-In this system most of the light is emitted almost horizontally up and down the road, and the patch of light from a single non-cut-off lantern is T-shaped, the tail of the T extending along the road towards the observer. The light is reflected from the road surface at small angles, generally less than 5 degrees. The whole pattern is obtained by combining the patches from individual lamps, and the result is a pattern of longitudinal patches.
The advantage of the non-cut-off system is its cheapness, since the lamp-posts may be widely spaced.
The disadvantages are, first, the high glare, especially when the road surface is a dark one and secondly, that it may become very poor and streaky when the road is wet, the long brilliant streaks producing particularly confusing patterns in these circumstances.
Cut-off installations.-As the name suggests, in cut-off lighting the tail of the patch is cut off and light is not allowed to be emitted near the horizontal. The individual patches run transversely across the road and there is very little glare.
The disadvantage is that a closer spacing of lamps is required than with non-cut-off lighting, and the installation is therefore more costly.
Intermediate systems.-Most modem British street lighting installations are compromises -between the two extremes of cut-off and non-cut-off (Fig. 4) . 
The Road Surface
All these systems of street lighting have as their object to make the road surface bright as a background against which objects may be seen. The properties of the road surface are therefore of great importance in street lighting, and a substantial part of our work at the Road Research Laboratory on street lighting has been concerned with the study of the road surface as a reflector of light striking it at various angles (Christie, 1954) . It is found that road surfaces act as "preferential diffusers", reflecting strongly, almost as in a mirror, at the tail of the light patch, but only very weakly and diffusely at the head of the patch near the lantern. The dominant factor in determining the reflection characteristics is the texture of the road surface, smooth surfaces producing long bright patches and rough ones shorter and less bright ones. Texture is particularly important in wet conditions, when a certain coarseness of texture is necessary in order to avoid the formation of a streaky and confusing pattern.
It has been shown, both theoretically (Christie, 1954) and practically, how important the road surface is in street lighting, and indeed it may be calculated that making the road surface lighter by a factor n has a greater effect on visibility than increasing the light output of the lanterns in the same ratio.
The road surface is perhaps of less importance in conditions where headlamps provide the lighting than in street lighting, but probably has a considerable influence on driving comfort. There is no general agreement, however, as to the relative merits of dark and light road surfaces. Dark backgrounds should, in theory, enable objects on the road to be detected at greater distances than light ones; but from the few tests which have been made, the increase does not appear to be great. At the same time, there is indirect evidence that light-coloured diffusing surfaces are better than dark from the point of view of general comfort in driving, good position keeping, and reduction of dazzle. The evidence was obtained in the tests of general performance and comfort, where it was found that a broad beam, lighting up the road near the car, helped position keeping, and that a bright foreground reduced dazzle; a light-coloured road surface helps to produce a brighter foreground and to extend the width of the patch of light on the ground, and may therefore be expected to have the same effect as broadening the beam and increasing its intensity. More research is, however, required to define the optimum properties of the road surface. This paper is presented by permission of the Director of Road Research.
